Immunogold silver staining (IGSS) was applied for the detection of porcine group A rotavirus in formalin-fixed paraffin-embedded tissue sections of small intestine. Prior to the application of IGSS, the reactivity of protein A-gold as a marker was tested with group-specific antiserum in immunogold electron microscopy. Immune aggregates were intensely and specifically labeled with the gold complex. Application of IGSS to tissue sections resulted in specific dark staining of villous enterocytes infected by group A rotavirus. This method also proved effective for the detection of rotaviral antigen in infected cultured cells. The IGSS method may be suitable for routine diagnostic detection of rotaviral infections and may have application for detection of other viral pathogens of veterinary importance.
Rotaviruses have been recognized in many avian and mammalian species as an important cause of enteric disease. In swine, although infections are often subclinical, rotaviruses have been associated with severe outbreaks of diarrhea and significant mortality, generally in young pigs. 21 The virus infects the enterocytes lining the small intestine, leading to the destruction and loss of functional epithelial cells. Laboratory diagnosis of porcine group A rotavirus, the most common rotavirus isolates, is often based on such techniques as electron microscopic examination of fecal material, immunofluorescent staining of frozen sections or smears of small intestine, enzyme-linked immunosorbent assays, and rotavirus nucleic acid detection in fecal material by genome electropherotyping in polyacrylamide gels. Many of these techniques require special equipment and cannot always be performed on a routine basis in all diagnostic laboratories. The use of immunohistochemical methods for the detection of viral antigens in paraffin-embedded tissues offers several advantages over some of the other techniques. 12, 13 These advantages include direct visualization of viral antigens in the diseased tissue, use of ordinary light microscopy, and the possible simultaneous observation of histopathological lesions.
The immunogold silver staining (IGSS) technique has been used for the detection of a variety of tissue antigens by light microscopy in formalin-fixed paraffinembedded tissues. 5, [8] [9] [10] [11] 14, 15, 20 Only a few studies used immunogold staining for the detection of viral antigen in fixed tissues. 24, 6 In these studies gold-labeled secondary antibodies or streptavidin-gold were used. Pro-tein A-gold (PAG) has not been utilized in the detection of viral antigens in fixed paraffin-embedded tissues. In the present paper, we investigated the potential use of the PAG complex for immunostaining of rotavirus antigens in formalin-fixed, paraffin-embedded intestinal tissue as well as in acetone-fixed rotavirus-infected cells.
Materials and methods

Tissues
Intestinal tissues (distal small intestine) from 5 piglets with naturally occurring group A rotavirus infections were used. Tissues were obtained from necropsy submissions in 4 cases, a and tissues from a fifth infected piglet were collected in the course of an experimental study on porcine rotaviruses. Infection by group A rotavirus, in all cases, was demonstrated by immunofluorescent staining of frozen sections using a group-specific antiserum. In addition, group A rotavirus nucleic acid was identified in intestinal contents following genome electropherotyping in polyacrylamide gels. l8 Controls in the present study included tissues from a transmissible gastroenteritis virus (TGEV)-infected pig, from a porcine group C rotavirus (C/Cowden b ) experimentally infected pig, and from 2 uninfected pigs. Tissue specimens were fixed by immersion in 10% buffered formalin, embedded in paraffin, and cut in transverse sections 5 µm thick. Sections were mounted on clean glass slides without any adhesive.
Viruses
Porcine rotavirus A/OSU b and a group A rotavirus field isolate recovered from the intestinal contents of a clinically infected piglet were used to assess the reactivity of PAG by immune electron microscopy (IEM). The heterologous porcine rotavirus control originated from the intestinal contents of a piglet experimentally infected with rotavirus C/Cowden.
Preparation of reagents for PAG IEM and IGSS
Antiserum. Specific group A rotavirus antiserum" prepared in rabbits was used. The antiserum was inactivated for 30 min at 56 C prior to use. For PAG IEM, antiserum was diluted in phosphate-buffered saline (PBS) containing 1% bovine serum albumin (BSA). For IGSS, specific antiserum was diluted in PBS containing 0.1% BSA, 0.05% Tween 20, 0.1% Triton X-100, 0.01% thimerosal, and 5% fetal bovine serum (FBS).
Colloidal gold. Suspensions of colloidal gold particles approximately 5 nm 19 and 15 nm 7 in diameter were prepared and conjugated to protein A, resulting in the PAG complex. For IEM, PAG complex (15 nm gold) was standardized by spectrophotometry to 0.5 at 525 nm in PBS buffer containing 0.02% polyethylene glycol 20,000 and was stored at 4 C. At the time of labeling, small aggregates were removed by lowspeed centrifugation (1,000 x g for 5 min). For IGSS, PAG (5 nm gold) was diluted in TBS (0.02 M Tris, pH 8.2, 0.9% NaCl) containing 0.01% thimerosal and 0.8% BSA. The adsorbance of the working solution was standardized to 1.85 at 525 nm.
Silver enhancement of gold label. The silver enhancement kit IntenSE™M d was used according to the manufacturer's instructions.
PAG IEM
Purified A/OSU rotavirus and a clarified 20% viral suspension (in 0.01 M PBS, pH 7.2) of intestinal contents, centrifuged 10,000 x g for 20 min at 4 C, were used to assess the PAG reactivity. Viral particles were labeled employing a mixed suspension method previously described 16 with some modifications. An aliquot of the antigen-antibody-PAG suspension was deposited on a strip of paraffin. A formvar car- bon-coated nickel grid was floated onto the sample mixture for 30 min at room temperature. After removing excess fluid, grids were stained with 3% phosphotungstic acid (PTA, pH 6.0) and examined with a Hitachi H300 electron microscope. The specificity of the PAG IEM method was assessed by the following controls: incubation of test virus in PBS alone followed by PAG; test virus with normal rabbit serum followed by PAG; heterologous rotavirus with test antiserum followed by PAG; test virus with specific antiserum followed by preadsorbed PAG complex with normal rabbit serum.
IGSS on tissue sections
The immunohistochemical staining of formalin-fixed paraffin-embedded sections was done according to a previously described method 5 with slight modifications. Washing buffer I was PBS containing 2.5% NaCl, 0.1% BSA, 0.05% Tween 20, 0.1% Triton X-100, and 0.01% thimerosal. Washing buffer II was TBS containing 0.1% BSA and 0.01% thimerosal. Nonspecific staining was reduced by incubation with FBS before application of the primary antibody onto the sections and again before application of the PAG complex. Finally, sections were covered with 4 drops of the freshly prepared solution of the silver enhancement kit. Controls included 1) testing of specific antiserum on paraffin-embedded sections from noninfected young pigs and from TGEV-and C/Cowden rotavirus-infected piglets; 2) testing of normal rabbit serum on tissue sections from infected piglets; and 3) testing of nonspecific binding of PAG by incubation of the sections with PAG alone.
IGSS on cultured cells
MA104 cells were grown to confluence on LAB-TEK e tissue culture slides and infected with rotavirus strain A/OSU (multiplicity of infection = 0.3). Eighteen hours postinoculation, the cells were fixed in cold acetone (4 C) for 30 min. The slides were washed for 10 min in PBS-BSA 1%; incubated with the primary antiserum for 30 min at 37 C, followed by washings; and finally incubated with PAG for 30 min at 37 C. The silver enhancement was performed as described above.
Results
PAG IEM
Immunogold electron microscopy resulted in the association of gold particles with specific aggregates of both the OSU strain and the clinical field isolate of group A porcine rotavirus. The gold particles were distributed over the whole aggregate with minimal background ( Fig. 1) . No aggregates were observed when the test virus was incubated with PBS alone or normal rabbit serum. No aggregates were observed when the heterologous C/Cowden rotavirus was incubated with the test antiserum. In all these controls, gold particles were rarely observed and were not associated with free viral particles. Blocking of specific PAG labeling was demonstrated by the absence of gold particles on viral aggregates when PAG was preadsorbed with normal rabbit serum.
IGSS
Protein A-gold labeling of formalin-fixed paraffinembedded tissue from the small intestines of all 5 infected piglets resulted in dark cytoplasmic staining of villous enterocytes. The typical pattern of rotavirus infection was clearly demonstrated with IGSS, showing infected columnar enterocytes scattered along the villi. Infected cuboidal enterocytes covering atrophied and fused intestinal villi could also be observed. Background was low, and the dark staining resulting from the silver enhancement was easily observed with light microscopy (Fig. 2) . Furthermore, when counterstained with hematoxylin, lightly stained nuclei were easily distinguished from the labeled cytoplasm containing the viral antigen (Fig. 3) . No labeling was observed when the specific antisera were reacted with the tissue sections from noninfected piglets or from TGEVand C/Cowden rotavirus-infected piglets. Sections from group A rotavirus-infected piglets incubated with normal rabbit serum were also negative.
The IGSS method was effective for detection of rotavirus antigen in infected cultured MA104 cells. Dark specific staining was observed in the cytoplasm of infected cells (Fig. 4a) , whereas in uninfected cells there was only minimal background (Fig. 4b) . 
Discussion
In the present study, PAG complexes were used in the application of IGSS of porcine group A rotavirus antigen in formalin-fixed paraffin-embedded tissue sections of small intestine. The PAG complexes reacted with immune aggregates of a reference and a field strain of porcine rotavirus. This label was successfully applied as an immunohistochemical marker in the detection of rotavirus antigen both in fixed intestinal sections and cells.
Immunohistochemical techniques other than fluorescein-labeled antibodies are now widely used for detection of many types of antigens, including viral antigens. Such techniques can demonstrate the distribution of viral antigens in tissues fixed by standard fixatives such as formalin and can provide permanent immunohistochemical records. Furthermore, the microscopic visualization of antigens from infectious agents and the evaluation of histopathologic lesions can be performed concurrently. Other advantages include the safe handling of specimens potentially in- fectious to humans or animals and the possibility of retrospective diagnoses. 12, 13 The use of IGSS offers additional advantages over current immunoenzymatic staining procedures. Because the IGSS method is not an enzymatically driven reaction, the presence and occasional resistance to inactivation of interfering endogenous tissue enzymes in the samples examined do not present a problem. The gold marker is not a health hazard, as are some potentially carcinogenic chromogens (e.g., DAB) that are used in immunoenzymatic staining techniques. In addition, the immunohistochemical method applied in the present report did not necessitate any proteolytic enzymatic digestion of the tissue sections. The gold marker can also be used for both light and electron microscopy, as is the case for immunoenzymatic procedures.
Immunogold silver staining has recently been used for the detection of human viruses. Streptavidin-gold and silver enhancement 3, 4 were used for the detection of cytomegalovirus in both cell culture and histologic specimens. A secondary antibody-gold conjugate was utilized followed by silver enhancement, in the diagnosis of herpes encephalitis, 2 and the results correlated well with those obtained by peroxidase-anti-peroxidase or immunofluorescence methods. In swine, immunogold labeling of pseudorabies antigen in sections of brain and liver was less sensitive than was the immunoperoxidase method? However, in this study no silver enhancement of the gold-labeled antiglobulin was performed, which probably contributed to the lower intensity of staining and fewer positive cells when compared with the immunoperoxidase method.
The use of protein A instead of a conjugated sec-ondary antibody may also present advantages. Protein A is a pure product, is more standardized than are affinity-purified secondary antibodies, 5 and interacts with IgG of several mammalian species, 17 obviating the need for many different species-specific conjugated animal imunoglobulins. The preparation of the PAG complex is simple and not costly when compared with the preparation and cost of enzyme conjugates even to specific gold conjugates. The PAG complexes are stable and their bioactivity is retained for several months at 4 C. 1 In conclusion, the stability, ease of preparation, low cost, broad reactivity of PAG complex and its successful use in the IGSS method make this immunohistochemical procedure useful as an alternative diagnostic method for the detection of viral animal pathogens. Use of IGSS in diagnostic histopathology as well as in virologic studies, using cell culture, should be further examined. 
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